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I.    Stf-EUitY of BydTflgfiP Peroxide  (E.  C.  Lincoln) 

A. Conductivity of Hydrogen Peroxide Solutions 

It was considered to be of interest to compere the conductivity 
of the purest hydrogen peroxide available et this time with 
thet reported in the mepsureraents oerried out several years 
ago; especially as the results of slmiier measurements reported 
by the Leporte Laboratory in England shoved e "flat maximum" in 
the curve* of conductivity yjj, concentration extending over an 
appreciable renge of concentration. 

Accordingly, samples of "Beoco" 90$ peroxide were evaporatively 
redistilled rt low pressure, avoiding actual ebullition and 
resulting contamination from sp*'ay. The concentrated solutions 
were diluted with triply distilled "conductivity water" to the 
desired concentrations. Measurements of the specific conductivity 
were mede at 15°C in the same conductivity cell with cast tin 
electrodes as had been employed in earlier measurements. 

The results of these measurements are indlcfted in the 
eocorapenylng figure, which does not indlorte any pronounced "flet 
nfximura", although the ohenge In coecific conductivity for the 
range 33-60 wt./» Ha0a is only from 4.0 to 4.5 x 10~* ohm~*ora~

l. 
These results indicate that the form of curve orlglnrlly presented 
(Ind.Eng, Chem., ^1,992 (1949) is correct, although the maximum 
vplues in the vicinity of 50%  Ha0a may be revised downward slightly 
in line with the latest determinations. 

B. Effect of TIH upon Decomposition Rate 

It has been observed previously that vrhen 90% unstebilized 
HaOa is diluted with water the rate of decomposition, expressed 
as percent decomposed in unit time, will not Increase, provided 

mere dilution with pure water is from approximately 0.0 for 90# 
Ha0a to nearly 5.0 for 10%  Ha0a — the pH being measured directly 
with the glass electrode, without tenfold dilution. Figure 2 
shows the verietion In pH as dilution of the H20a is cprrled out, 
and also the increase in the decomposition rate et 50°C attending 
the dilution. 

Further work is planned in whioh the pH of the solution will 
be held et other values than 0.0, suoh as 0.5 or 1,0, during the 
process of dilution of the 90/£ H20a. 

C. The effeot of Surfece-to-Volume Rftlo on Decomposition 
Rfte 

Experiments carried out at the Leporte laboratories, Luton, 
England, in '»Thich ground glass particles were mixed with hydrogen 
peroxide in small gless vessles in order to offer a large area 
of glass in oontact with the hydrogen peroxide solution under 
test, indiceted that the surface-to-volume ratio was without 
significent effect upon the observed decomposition rate. In 
an attempt to explore this raetter somewhat more completely, two 
sets of experiments fTere orrried outr In one, the rate of 
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decomposition of 90/» H30a was measured in the usual way, with a 
Pyrex ges evolution flask filled with different volumes of 
the solution.  The flasks used for this purpose ere 250 ml 
Florence flasks, having flattened bottoms but essentially round 
end with a radius, R, near 4 cm.  The surface area exposed vrrs 
calculated from measurements of the height of the liquid in the 
flask, h;   thus, Area = 2TrRh. The volume of liquid was determined 
by weighing the amount of hydrogen peroxide of known concentration 
end density edded to the flrsk. The variation of S/V ratio 
possible under these conditions is shown in the curve "no rods" 
in Figure 3. The rate's of decomposition i easured pre shown in 
Figure ^, which resembles earlier results from this Ipboratory 
(Prog. Rept.. Mar., 1952), as well as the results quoted by Roth 
end Shanley (ind. Eng. Chem. i+5, 23^3 (1953).) It was also 
found thrt the rate was the same when the flasks "rere half end 
totelly full.  Since the flasks used ere spherical the surfece- 
to-volume ratio is the sane in both cases, end the duplication of 
results ind.lcFtes a negligible contribution from vapor phase 
decomposition, either homogeneous or heterogeneous, under the 
conditions of these experiments. 

To further lncreese the surfpce-to-volume ratio, in a second 
experiment, sme"1! pieces of Pyrex rod 2 mm in diameter and 1 cm 
in length were fire-polished to smooth the ends and conditioned 
in the sane mrnner as the flrsk into which they were introduced. 
These rods had approximately 0,69 cm3 area each, end the contribution 
to the S/V retio calculeted on this basis and including the flesk 
surfpce Is shown in the curves of Figure 3 for verious fixed 
numbers of edded rods.  Figure 5 shows the results of decomposition 
rate studies on 90f* H208 In which the surfece-to-volume retio wes 
altered in this menner.  Curve A is similar to thet shown on a 
larger scale In Figure lj the other curves were obtained by the 
addition of from ^0 to ^00 pieces of Pyrex glass rod to the flesk 
with the proper anount of 90/» H208 to yield the indicated surface- 
to-volume ratio.  Although for a fixed number of rods immersed in 
varying volumes of llould the rate of decomposition is proportlonel 
to S/V ratio, it is of note thrt for a ^iven S/V retio—sey, 9— 
the decomposition rate observed declined from about 0.02l£ per hr. 
at 50°C when 100 rods were present, to about 0.011> vrhen 400 rods 
were used. This result implies that if the prooedure of adding 
more and more surfsee were carried far enough, the slope of the 
decomposition rate curve would decline to the horizontal, or 
that the rate of decomposition would be independent of the 
surfece-to-volume ratio.  This conclusion Is in agreement with 
the observations of the Leporte laboratories, but Its inter- 
pretation is not immediately apparent.  It is oonceiveble thet 
in P heap of gless particles immersed In the solution the full 
effect of the surface is not exerted, due to the many direct 
contpcts between the perticles, which prevent ecoess of the solution. 

******-. 
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D. The Effect of Rpdlptlnn on Stability 

It is clear that ultreviolet liprht can have a significant 
effect on the stability of hydrogen peroxide.  This his been 
appreciated in the past, as evidenced by the fact that hydrogen 
peroxide solutions have been frequently sold in colored glass 
bottles or otherwise packaged to evoid illumination. However, 
the degree to which sunlight or other radiation causes decomposition 
under common conditions of handling and use is not well delineated. 
It is apparent thrt exposure to «awnllKht may Jesuit JLn heating, 
with concomitpnt rise in^^BJf^^Bbtrif^p^^hWfteTr decomposition. 
At the sarae time there exists the obvious inconsistency of using 
a colored glass, which will ordinarily be of inferior quality 
with regard to stability because of its metal or alkali content, 
to overcome another source of decomposition.  Coupled with this 
is the well-known fact thrt glass,, herd or soft, is generally 
considered opeoue to most of the ultreviolet portion of the 
spectrum. 

The possible contribution of heating end reletive activity 
of surfeoes to supposed photochemical deterioration of hydrogen 
peroxide cennot be evelurted in a general way, but the facts 
concerning the likelihood of encountering photochemical 
decomposition can be estimated qualitatively by reference to 
Fig, 6.  This representation shows that artificial lle;ht sources 
are not likely to cause appreciable difficulty; their radiation 
is diminished nearly to zero at wavelengths where absorption 
by hydrogen peroxide is only beginning and where quantum yields 
are presumably very low.  In the exposure to direct sunlight, on 
the other hand, there appears to exist considerable risk of 
appreciable decomporition, particularly at the higher concentrations. 
Perhaps h  percent of the sun's radiation occurs at wavele^igths 
under the "toe" of the intensity curve shown which may be Judged 
effective for decomposition.  Furthermore, experience indicates 
that when samples of 9-0/S unste.bllized hydrogen peroxide, contained 
in glass vessels, are illuminated by direct sunlight, they may 
undergo decomposition to the extenl of about l,o per 
day at room temperature.  The curves of Fig. 6 also imply that 
clear glass cannot be counted upon to retard photochemical 
decomposition induced by the usual sources of*illumination; this 
is particularly true for the Pyrex common in the laboratory. Glass 
(but not quartz or speolal glasses) XM.  effective in screening 
the ultraviolet radiation shorter than 2800A.  This accounts for 
thfe fact that hydrogen peroxide contained In Pyrex has been found 
to be unaffected by illumination with a special ultraviolet lamp; 
such lamps, the so-called germicidal lames, are operated so as 
to concentrate the radiation at the 2537A mercury line, whioh is 
completely blocked by Pyrex. 

These conclusions are of course only general; in any instance 
of Importance it would be necessary to evaluate the absolute 
intensity and wavelength distribution of the incident radiation 
as well as the quantum yield and absorption in the particular 
concentration and the container geometry.  It will be noted that 
the circumstances favor re-njd changes in decomposition rate as 
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wavelength end concentration pre altered.  Since diffuse reflection 
effectively reduces both the Intensity and proportion of ultra- 
violet in sunlight it is concluded that as carried out under usual 
laboratory conditions the effeot of diffuse daylight upon the 
decomposition rate of hydrogen peroxide solutions is small enough 
to introduce no significant error into the results obtained.  If 
comparative measurements are to be carried out under conditions 
of Illumination which are variable In intensity or frequency, 
this situation may introduce a source of error. 

II.  Partial Oxldptlon of Propnne (C. E. Bodington) 

It has been shown in rrevious work that the yields of hydrogen 
peroxide and ecetaldehyde for-ned In the partial oxidation of propane 
are adversely affected by the presence of an active surface.  In 
order to determine the extent of heterogeneous reactions occurring 
in the Pyrex flow reactor used earlier it was attempted to carry 
out the reaction under such conditions that heterogeneous 
reactions would be minimized. 

The apparatus designed for this purpose consisted of a porous 
walled Alundum tube sealed into a Pyrex glass Jacket. Glass tubes, 
for the inlet and outlet gases, supported this tube inside the 
the Jacket,  The propane and oxygen, both 99+ %  pure, were preheated, 
separately mixed," and injected into the top of the porous tube. 
Pure nitrogen gas was blown into the surrounding Jacket.  The 
gas went from this Jacket through the wells of the porous tube 
at right angles to the reacting gases inside.  This positive 
flovr of Inert gas toward the reacting propane-oxygen mixtur 
inaide the tube was intended to prevent the diffusion of these 
gases to the walls of the tube where heterogeneous reaction takes 
place.  In order to compare the results with those of previous 
workers the experimental conditions fere made as similar as 
possible.  The propane to oxygen mole ratio used was 5.5:1 end 
the temperature was fixed at ^75°C.  These conditions were used 
by Held in determining the effect of propylene on the mechanism, 
by Wei In determining the effect of nitrogen and helium on the 
mechanism end by Wilson in his work leading to the formation of 
a mechanism for the reaction.  Wei found that nitrogen had little 
effect on the rate of the reaction, the slope of a curve of 
percent of inlet oxygen reacted versus the residence time, but 
that it increased the length of the induction period of this free 
radical reaction.  Due tothis effect on tthe induction period of 
the reaction, the nitrogen to oxygen ratio was fixed at 3.5:1» 
5.5:1 and 6.5:1 for three series of runs.  In order to obtain data 
at varying amounts of reaction, different residence times were 
used, from 1.5 to $  seconds. Since the gas inside the reactor 
aooelereteB as more and more nitrogen enters through the walls, 
the residence time, defjnied as the length of time it takes a 
small volume of the inlet propane, oxygen mixture to traverse the 
length of the tube^ is based on a'length average flow rate. 
Assuming constant temperature end uniform gas flow along the 
length of the tube, it can be shown that the average flow is 

•'-  • >• -r '• ••• '—. .i 
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,, equal to the arithmetic mean of the propane and oxygen Input 
entering the tube and the How rate of the gases leaving the 
bottom of the tube. 

The results of these experiments show that the yield of 
hydrorren peror-lde Is lower In this reactor thrn In the Pyrex reactor 
used by Held and '/el.  The yield was found to be a function of the 
ratio of the wall gas rate (nitrogen) to the residence time. 
Since the accessibility of the wells to the reacting gases should 
also be a function of this ratio, the data Indicate that the 
formation of hydrogen peroxide is a homogeneous reaction and that 
the decomposition Is heterogeneous.  Sinoe the effect of the 
wall will be a function of this ratio in any reactor of this 
type, it would be desirable to make this ratio as high as 
possible in order to minimize the wall effects.  The yield, 
compared to that obtained by Reid, of the other products of this 
reaction was also affected by this reactor, but In most cases It 
is nitrogen dilution rather than the surface that ean best account 
for the change.  All the products stem from either the splitting 
or oxidation of a propyl radical.  The products formed through the 
oxidation of a propyl radical such as aceteldehyde, methanol and 
propylene, are depressed in yield, while those formed by the splitting 
of the propyl radical such as ethylens and formaldehyde, were 
obtained in amounts equal or greater than those obtained by 
Held in the Pyrex reactor.  These results are probably due to 
the fact that the rate of oxidation of the propyl radicals must be 
a. function of the oxygen concentration.  The rrte is therefore 
reduced when the cases are diluted with nitrogen. 

The particular design used In these experiments did not comp- 
letely inhibit the diffusion of hydrogen peroxide or any other 
species to the wells of the reactor.  Leakage of the wall gas 
around the seels at the top and bottom of the porous tube may 
be partly responsible, since such leakage would reduce the net 
flow through the wells of the tube itself.  The extent cf the 
heterogeneous reactions is in part due to the large surface to 
volume used (48:1 l/ft) and to the extremely active surface 
used.  It is intended at a later date to report some of these 
studies in a porous tube made of sintered Pyrex, which should 
be much more inert than the Alundum used here. 

III. Heterogeneous Vapor Phase DftonnrooRltlon (T. W. Stein) 

As was stated in the last report, work during the second 
quarter of 1954 was to be directed towards determining whether 
there is some homogeneous decomposition in addition to the 
heterogeneous decomposition of hydrogen peroxide vapor In the 
various tubes being studied. Studies at high concentrations of 
hydrosren peroxide had Indicated that the precision of the data 
became poor as the concentrations of hydrogen peroxide vapor 
approached the explosion limit.  It was proposed to vary the surfaoe 
to volume ratio in several tubes end to compare the rate of 
decomposition per unit area.  To make such a comparison, it must 
be certain that the surface activities towards hydrogen peroxide 
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are the seme in the tubes to he cdraprred.  As was pointed out In 
the last report, investigations have shown that a cor-tin°; of boric 
acid on a surface gives a fairly uniform surface. 

Before undertaking this study, several changes were made in 
the construction of the equipment In an attempt to Improve the 
precision of the data.  The element for supplying heat to the 
boiler was changed.  Previously the heating; colls were wrapped 
around the boiler In such a manner that they were auite close to 
the boiler surface.  Consequently there vres the possibility of 
"hot spots" on the boiler wells.  To improve this situation, the 
heating wires were embedded in a ceramic tube which is placed 
coaxially around the pyrex boiler.  This leaves en air space of 
about r quarter of an inch between the heating coils end the boiler 
which results in a more uniform distribution of heat over the 
boiler walls.  In addition to the Improvements of the boiler, 
improvements were made on the "collectors" which collect the 
liquid condensate from the condensers. With these improved 
collectors the liquid samples can be removed without affecting the 
pressure in the system; therefore, there Is no inducement for 
the rate of vapor flow in the system to change.  Additional minor 
changes were made in the construction end operation of the 
equipment.  The sum result of these changes was an increase in 
the precision of the date. 

-v 

The first tube which was investigated was a Pyrex tube which 
was corted with boric acid er.d had an area of 635 oni2 and a volume 
of 360 cm3.  The rate of decomposition at a total pressure of 
1 atm. was measured at three temperetures—180°C? 215°C, and 250°C-- 
and at various averaged hydrogen peroxide partial pressures from 
0 up to pbout 0.22 atm.  This upper limit of concentratlcn in 
the tube being studied corresponds to an explosive concentration 
(26 mole per cent hydrogen peroxide) of vepor leeving the 
boiler. 

The second tube had a surface area of i486 cm3 and a volume 
of 265 cm3 and vres prepared by addine to the first tube a bundle 
of twenty-three boron coated pyrex rods which were about 26 cm 
long end whose diameters varied from about 4 to 5 nun.  The 
temperatures investigated in this tube vrere the same as in the 
oth^r and the averaged orrtiel pressures of hydrogen peroxide 
varied from 0 to O.lh  atm.  This highest averaged concentration 
is lower in the case of the second tube. Iv.  was again necessary 
to have en explosive mixture leaving the boiler to produce these 
concentrations, but because of the increased surface area more 
hydrogen peroxide is decomposed, and consequently the average 
is lower.  Nevertheless, the same ranee of concentrations of 
hydrogen peroxide vapor leaving the boiler was investigated in 
both tubes. 

ingifefp* •i-_.- ..* .V-.......   W V.   -   '• -J"v • ——v... 
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The results shoved that In the two tubes, one with a surface 
to volume ratio of 1.75 and the other with s  ratio of 5.6,   the 
rates of decomposition per unit area of surface were very nearly 
the same.  In fact, the rate per unit area in the tube with the 
high surface area was slightly larger xv'hloh would tend to Indicate 
that no detectable homogeneous de composition is occurlng in the 
rrnge of conditions studied.  In these tests it was found that the 
precision of the data was good even Ft high concentrations.  It 
is believed that the erratic behavior in earlier work W8S a result 
of inadeouacies of the equipment which were corrected as was 
mentioned above.  There definitely appears to be no indication 
of homogeneous decomposition. 

The next phase of the work was to correlate the data and 
to represent them by an equation.  The approach which was used was 
to propose several mechanisms and then to attempt to fit the data 
to the equftlons which the Langmuir monomolecular adsorption 
theory would predict in accordance with the proposed mechanisms. 

Fourteen different mechanisms were proposed but of these 
proposals only three were mathematically acceptable.  These three 
mechanisms ere: 

1 and 2 Reaction between en adsorbed OH radical and 
molecularly adsorbed hydrogen peroxide 

1) Desorptlon of water controlling 

2) Heactlon rate controlling 

3       Heactlon between en adsorbed OH radical and a 
molecule of hydrogen peroxide in the gas phase, 
where the reaction rate is controlling. 

It is realized that the Langmuir theory is en  over 
simplification of what is actually occurring on  the catalyst 
surface.  However, on the assumption of the velidityof the Langmuir 
theory there can be proposed the following; picture of the decomp- 
osition of hydrogen neroxlde.  A hydrogen peroxide molecule is 
chemisorbed on the surface and splits homoiytically into two OH 
radicals.  This initial step can be stated with some certainty. 
Uncertainty does exist, however, as to whether oneof these free 
radicals reacts T-Tith a physically adsorbed hydrogen peroxide 
molecule or whether it reacts with a hy^roe:en pproxlde molecule 
impinging from the #es phase. 

This proposal for the initial step of the decomposition Is 
in accordance*with the hypothesis of Oiguere (l), "ho imagined 
the initial step to be the breaking of the 0-0 bond of hydrogen 
peroxide as it is adsorbed.  Alqo this heterogeneous meohanlsm 
parallels the chain nechpnlsm for the homogeneous decomposition 

-*s» gmnwi ,. J:...**-.-*   • • - 
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of hydrogen peroxide which vpe proposed by Satterfield, Kavanagh, 
end Resnlck (2).  They propose th? t en hydrogen peroxide 
molecule thermally decomposes to give two OH redicals which then 
propogete the chain by reacting with an hydrogen peroxide 
molecule.  Thus the mechanism discussed here is consistent with 
those proposed by other investigators. 

As was mentioned Pbove, there ere three forms of equations 
which ere acceptable as a means of correlating the date. The 
third proposal mentioned above was arbitrarily chosen and the 
date for the decomposition of hydrogen peroxide in a boron coated 
pyrex tube were applied to this equation. The final equation is: 

dn_ _.   2£?g2s_£HsOgf  

AdO    1 + KHaOaPH202 + KH2OPH20 * 

where 

KH802 = 7.34 x 10
7   - UA2..2-12 

RT 

KHP0 = 3.82 x 10"
3   ZiZ*LS-i2l 

RT 

aKH202 = 1 

3 

and where 

n = moles of hydrogen peroxide decomposed 

PH202 - partial pressure of hydrogen peroxide (atm) 

PH20 = partial pressure of water (atm) 

A= surface area (cm2) 
9 = time (min) 

T = temperature ( °K) 

The everace deviation rt 180CC is T/°,   ft 215°C, l6/i, and at 
250°, 9f», 

Future work is to be directed to the examination of a gless 
surface in the attempt to find what factors contribute to the 
activity of a surface as a catalyst for the decomposition of 
hydrogen peroxide as a means for finding wpys to passivate surfaces. 
Secondly vrork will be begun on the examination of the activities 
of metallic surfaces. 

1. Gifcugre, P.A., Can. Journal of Research 2J>B, 135-50, 19^7 
2. Satterfield, C. N,, Kavanapch, G. M, , and Resnick, H. , Ind. 

En^. Chem., *&, 2507, (1951) 
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IV.  Cyollcpl Barium Peroxide Processes (P. Fee.kes) 

An investigation has been undertaken of (1) the mechanism 
of the calcination of barium carbonate, end (2) the mechanism 
of the formation of berium peroxide from berium oxide obtained by 
the calcinrtion of berium carbonate. 

During the period April 1 - Jun 30, 1954, detailed investigations 
of the following reactions were initiated: 

BaC03 + C  ? BaO + 2C0 

BaO + 1/2 08  > BaOa/ 

This work aims at establishing the optimum conditions for 
the production of barium peroxide,"which may then be converted 
into hydrogen peroxide by treatment with acid. 

The rate and degree of conversion of barium oxide to barium 
peroxide in an oxygen atmosphere is largely determined by the 
conditions used for the calcinrtion reaction. The activity (peroxide 
forming capacity) of the barium oxide is considered to be a 
function of the following variables. 

a) Calcination Reaction 

1. Temperature 
2. Carbon monoxide concentration in the eras phase 
3. Time 
4. Amount end surfaoe activity of admixed carbon 
5. Porosity of calcined materiel 
6. Crystal size and purity of brrium carbonate used, 

b) Peroxidetion Reaction 

1. Temperature 
2. Oxygen concentration 
3. Time 
4. Porosity of BaO & BpOs 
5. BaO crystal size 

It has been proposed that close control of the above variables 
should assist in the determination of the optimum conditions 
for peroxide formrtion. For this purpose the construction of a 
smell electrically heated tube furnace has been commenced. It 
is proposed to oelcine spheres of barium carbonate admixed with 
carbon in an atmosphere of known composition within the tube 
furnace. The rate and degree of the reaction will be determined 
by  measuring the gas evolution during the reaction. Provision is 
being made for automatic temperature control of the furnace. 
Temperatures within the sphere undergoing reeotion will be measured 
with a platinum-rhodium thermocouple, A knowledge of the temp- 
erature* distribution through the sphere during reaction should 
make It possible to determine whether heat transfer or some other 
variable controls the reaction rate. 

-wi&KftaB*.' -v     *• %* . ' 
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Following the calcination reaction, en inert gas will be 
substituted for the gas in the furnece, the temper?ture of vrhlch 
vlll then be reedjusted to thet of the peroxidatlon reaction. 
After evacuation of the inert gas, oxygen will be admitted and 
the rate end degree of peroxidetlon measured. 

In this menner it is hoped thpt it will be possible to 
measure bot- the rate end degree of the calcination end 
peroxidetlon reactions. 

V. Visitors: 

Mr, Cherd - British Joint Services Mission 
Mr. Retten - Bur her,   -.'ashington 
Mr. N. DPvis - Buffalo Electro-Chemical Co. 
Mr. L. Povell - ONR, Boston 
Mr. Horstein - ONR, Washington 
Mr, £.. G. "hlttrker - Naval Ordnance Test Station 

'r 

• 

A '. » • 



DISTRIBUTION LIST 
CONTRACT N5 ori-07619 

STABILITY AND REACTION STUDIES 
OF HYDROGEN PEROXIDE 

MASSACHUSETTS INSTITUTE Of TECHNOLOGY 
CAMBRIDGE , MASSACHUSETTS 

Afldr.w. Tran.mllfd via 

\ 

- 

; 

Oovltta* on Oulded Misallae 
Off lot of the 3#ore Wry of Defanoe   (RAD) 
Room JD-125, Tha Pentagon 
Washington 25, 0. C. 

Chief of Staff,   'J.   3.  Air Foroe 
The Pentagon 
Washington  25,   D.  C. 
Attn:  DCS/D,  AFDRD-AC-2 

DC3/0,  AF0P-0O 

Commanding Oeneral 
Air  Material Command 
Wright-Patterson Air Force Base 
Dayton,   Ohio 
Attn:  MCREXP 

WCLFR-A 

Chief,   Bureau of Aeronautlos 
Ddopartment  of  the  Navy 
Washington 25,  D.   C. 
Attn:   TD-4 

31-532 

Chief, Bureau of Ordnanoe 
Department of the Navy 
Washington 25, D. C. 
Attn:  Re6a 

Re9 
Re2d 

Chief,   Bureau  of  Ships 
Department of the   Navy 
Washington 25,   D.   C. 
Attn:   Code 5«1 

Code ^30 
C-xle 520 
Code 533 
Code 519 

J.   5.   Naval  Air  Rocelct  Tsst   Station 
L«Jte   Denmrk 
Dover,   New Jersey 
Altn:  Dr.   T.   P.hlnehardt 

Co&r.ander 
Naval   Air  Material  Center 
Philadelphia 12,   Pennsylvania 

CoTjr.an^sr 
"J. 3. Naval Air Missile Test Center 
Point Hugu, California 

Com-.ander 
•J.   5.   Naval  Ordnance Test Station 
Inyokern,   California 
P.   0.   China  Lakr,   California 
Attn:   Reports 'Jnlt 

Code !;012 

Director 
National wvisory committe Tor Aeronautics 
1?2** F Street, NW 
Washington 25,   D. C. 
Attn: Mr. C. H. Helm 

Director 
U. 3. Neval Researoh Laboratory 
Office of Naval Researoh, Anacoatla 
Washington 25, D. C. 
Attn: Code 3280 

Code 2000 

Chief cf Naval Research 
Jepartment of the Navy 
Washington 25, D. C 
Attn: Code **29 

Com andlng Offloer 
Frankford Arsenal 
Philadelphia 37, Pennsylvania 
Attn: Fire Control Division 

Superintendent 
'.,'. 5. Naval Postgraduate sohuoi 
Mcnterey, California 
Attn: Librarian 

Department of the Army 
Office, Chief of Ordnance 
The Pentagon 
Washington 25, D. C. 
Attn: ORDTU 

Commander 
N-wal   Ordnanoe  Laboratory,   White  Oak 
Silver Spring  19,   Maryland 
Attn:  The  Library,  Room 10333 

Commanding Oeneral 
AAA and OM Center 
Fort  Bliss,   Texas 

Chief of  Naval  Operations 
Department   of   the   Nivy 
Washington  25,   D.   C. 
Attn:  Op-51 

Number of 
Ooplaa Addraaata Transmitted Via 

6(lf  clasa- 
lf.   only 1) 

(If classlf. 
13) 

Chief, Researoh and Engineering Division 
Offloe,  Chief of Chenloal Corps. 
Army Chemloal Center,  Maryland 

Commanding Offloer 
•J33 Norton Sound   (AVM-1) 
0/0 Fleet Post Office 
San  Francleoo,   California 

Commanding Oeneral 
White   3ands Proving Ground 
Las Cruces,  New HexUo 

TeohnlCal Library 
Atomic Energy Comnlsslon 
1901 Constitution Avenue 
Washington 25,  D.   C. 
Attn:  Mr.   B.   M.   Fry 

Comr.ar.dant of   the Marine Corps 
Head:;jarter3,   'J.   3.   Marine  Corps. 
Washington  25,   D.   C. 
Attn:  O-J*   (Ordnance) 

ConvnLnder 
Operational   Development   Force 
'J     3.   Naval  Base 
NorTolk 11, Virginia 

Office, Asst. Chief of Staff (&-**•) 
Research A  Development Division 
Department of the Army 
The Pentagon 
Washington 25, D. C. 

Head or Ordnance and Gunnery 
'J. 3. Naval Academy 
Ann.ByOlis, Maryland 

Corrv.'.anding  Officer 
*J.    5.   Neval   Underwater  Crdnar.ce   Station 
New Fort,   Rhoade   Island 

Naval  Inspector of Ordnanoe 
Electric  Boat Company 
Groton,   Connecticut 

Director 
U. S. Naval Engineering Experiment Station 
Annapolis, Maryland 

Dlrootor 
Office  of Naval Research Branch Office 
150  Causeway  Street 
Boston   It,   Massachusetts 

Dlreutor 
Office of  Naval Research 6ra.i ch Office 
3**6 Broadway 
New York 13, New York 

Director 
Office or Naval Research Branch Offloe 
1000 Geary Street 
San Franclsoo 9, California 

Director 
Office of Naval Research Branoh Ofrice 
1030 Green Street 
hasadena 1, California 

Director 
Office or Naval Researoh aranoh Ofrice 
Tenth Floor 
The John Crerar  Library Building 
86 East Randolph Street 
Cr.lcago   1,   Illinois 

orricer-ln-Charge 
Offloe  of Naval  Researoh 
Navy No.   100 
Fleet Post Offloe 
New York,   New York 

Commanding Oeneral 
Air Research a  Development Command 
P.   C.   Box 1395 
Baltimore 3,  Maryland 
Attn: RDRPC 

Number of 
Copies 

Dr. Martin Kllpatrlok 
Department of Chemistry 
Illinois Institute of Technology 
3300 Federal Street 
Chloago 16, Illinois 

State Engineering Experimental 
Station 

Georgia In9tlt"te or Technology 
Atlanta, Georgia 

If Classified Via: 
Dlreotor 
Offloe or Naval Researoh Branch orflce 
Tenth Floor 
The John Crerar Library Building 
86 E. Randolph St. 
Chicago 1, ill. 1 

Bureau of Ships (Cod* 620) 
Department of the Navy 
Washington 25, D. C. 

i 

*'* '-*- 



• 

Afldrsasas 

Applied Physios  Laboratory 
Johns   Hopkins University 
Bilvsr 9prlng,  Maryland 
Attn:   Dr.   Dvlght  E.  Oray 

Ball  Aircraft Corporation 
Niagara Falls,   New York 
Attn:   Mr.   H.   B.   Foster 

Consolidated-Vultee  Alroraft 
Corp. 

San  Dle6v  12,   Calif. 
Attn:  Hr.  J.  V.   Nalsh 

Douglaa Alroraft 
3000   Oetan Blvd. 
Santa Monies,  Calif. 
Attn:   Mr.   I.  7.   Burton 

Rand  Corporation 
i'OO   T~t«th   Atraat 
Santa Monloa,   Calif. 
Attn:  Mr.   t.   R.   Collboh« 

General  Electric  Company 
Project HERMES 
Soheneotady,   New York 
Attn:  Hr.  C.   K.   Bauer 

Qlonn  L.   Martin  Company 
Beltlsor* 3,  Maryland 
Attn:  Mrs.   Luollle Walper 

Number of 
Tranamlttsd Via Ooplss 
TTT ClaaslfTeH~Vla) 

Naval Inspeotor of Ordnanoa 
Applied  Physios  Lab. 
Johns Hopkins University 
8621  Georgia Avenue 
Silver  Spring,  Maryland 1 

U.   S.   Air  Force 
Plant  Representative 
Niagara Falls,   Ntw York 1 

Bureau  of  Asronautlos 
Representative 
Consolldated-Vulte«» Alroraft Corp. 
San  Zio^v 12,  Calif. 1 

Dlstrlot Chief 
Los Angeles  Ordnance  District 
35 No.  Raymond  Ave. 
Pasadena  1,  Calif. 1 

Chief, Los Aneeles AFPFO 
155 Veit Washington Bird. 
Loa Angeles  51*,   Calif 

Resident Ordnanoe  Officer 
Projeot HERHES 
Campbell   Avenue  Plant 
General Electric  Company 
Soheneotady 5,   New York 1 

Bureau   of  Aeronautics  Representative 
Glenn   L.   Martin Company 
Baltimore   i,   Maryland 

California  Institute   >f  Tear.nology Dlstrlo  Chief 
Jet   Provision   Laboratory Los  Angeles Ordnance  District 
Pasadena,  California 35 North Raymond Avenue 

  1 
35 North Raymond Avenue 
Pasadena  1,   California 

Nsrth American Aviation,   Ino. 
1Z21U Lakewood  Blvd. 
Downey,   California 
Attn: Group  95-1? 

Princeton University 
Princeton,   New  Jersey 
Attn:  Projeot  SQUID 

University   of Mlohlgan 
Aeronautical Reaearoh Center 
Willow Run Airport 
Ypailantl,   Mlohlgan 
Attn:  Mi*.   L.  R.   Blasell 

Aerojet-General  Corporation 
Atusa,   California 
Attn:  Dr.  D.   L.   Armstrong 

Battelle Memorial   Institute 
505  ling Avenue 
Columbus 1,   Ohio 
Attn:   Dr.   B.   D.   Thomas 

Bethlehem  Steel  Corporation 
Shipbuilding Division 
Quinsy  60,   Massachusetts 
Attn:   Mr.   B.   Fox 

Expsriment  Incorporated 
Richmond,   Virginia 
Attn:   Dr.   J.   W.   Mullen,   II 

Detroit Controls  Company 
Reaearoh Dlvlalon 
Redwood City,   California 

Air  Foroe  Plant  Rep.   WEAPD 
North American  Aviation  Inc. 
Los  Angeles  International  Airport 
Los  Angeles <*5,   California 1 

Commanding  Officer 
Office  of  Naval  Rese-roh 
Branch Office 
3W6  Broadway 
New York  13,   New  York 1 

Commanding  Officer 
Central  Air Procurement  Division 
West  Warren A   Lonyo  Avenuea 
Detroit  32,   Michigan 

Bureau  of Aeronautics 
Representative 

Aerojet-General  Corp. 
Atusa,  California 

Air Regional  Representative 
Dayton  Regional  Office 
Centra Air  Procurement  Asst. 
U.   3.   Bldg.,   Dayton   2,   Ohio 

Supervisor  of   Shipbuilding,   U3N 
Bethlehem Steel Corp. 
Qulncy  69,   Massachusetts 

Naval   Inspector of  Ordnanoe 
Applied  Physics   Laboratory 
Johns  Hopkins University 
3621 Georgia Avenue 
Silver  Spring,  Maryland 1 

Asst.   Inspeotor  of  Naval  Material 
533 Mlddlefield Rd. 
Redwood City,  California 1 

Fairchlld  Engine  and  Airplane  Corp.  Bureau  of /.eronautlcs Rep. 
Fairohlle  Engine   Division 
Farnlngdale,   Long  Island, 
New York 
Attn:   Hr.   E.   N.   Lester 

Purdue University 
Lafayette,   Indiana 
Attn:   Dr.   M.   J.   Zucrow 

Reaction Motors, Ino. 
Stickle Avenue  A  Elm  street 
Rookawsy,   New Jersey 

Falrchlle  Engine & Airplane  Corp. 
Farmlngdale,   Long  Island, 
New York 

1 
Office  of Naval  Research Branch  Offloa 
The John Crarar Library Bldg. 
10th Floor,  86 E.   Randolph Street 
Chicago  1,   Illinois 1 

Bureau  01   Aeronautics  Rep. 
fieaotlon Motors,   Inc. 
Stickle Avenue A  Elm  St, 
Rookaway,   New Jersey 1 

Addrssaae 

Electrochemical  Departaent 
Technical Division 
E.   I.  duPont de   "amours A 

Co.  loo. 
Niagara Falls,  New York 
Attn:   Dr.  D.   Crjrpbell 

Buffalo  Eleotro-Chemloal Co. 
Buffalo 7,  New York 
Attn:  Dr.   N.   8.   Davis 

Walter Xldds and Co.,  Ind. 
Belleville,   New Jersey 
Attn:  Project  MX-922 

Contract AF(33-038)389? 

Bedel Incorporate* 
OOI last Juliana Street 
AnahslK,   California 

Number of 
Copies Transalttsd via 

(If Classified Via) 
Inspector  of  Naval Material 
Roos) 505-508 
Post Offloe Building 
Buffalo J,  New York 

Inspeotor  of Naval  Material 
Boom 505-508 
Post  Office Building 
Burfalo  3,  New York 1 

Inspector of  Naval Material 
•aval Industrial Reserve Shipyard 
B14«.  13,  Port Sewark 
lewark 3,  Mew Jersey 1 

Inspeotor of Naval Material 
1206 Soutn Street 
Los Angeles  15,  California 1 

Armed  Services  Teohnloal  Information 
Agency 

Documents  Service  Center 
Jtnott Building 
Dayton 2,   Ohio 

Office  of  Teohnloal Services 
Department  of Commerce 
Washington 25,   D.   C. 

5 (Unol. only) 

1 (Unol. onl/) 

Thompson Produeta, Ino. 
Staff Researoh and Development 
2196 Clarkwood 
Cleveland 3, Ohio 
Attn: A. 0. Kresse 

'Commanding General 
Bedstone Arsenal 
Huntsvllle,   Alabama 
Attn:  Tenhnloel Library 

Bureau   of Aeronautics 
Thompson  Produote,   Inc. 
Cleveland 3, Ohio 

United States Rubber Company 
General   Laboratories 
Paasalo,   New Jersey 
Attn:   Hr.   C.   E.   Hurdle 

Inspeotor of Navnl  Nftterlai 
Nsval   Industrial  Reserve  Shipyard 
Bldg.   11,  Port Newark 
Newark  3,   New Jersey 1 

Bavued Nay 195A 



Armed Services Technical Information Agency 
Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED 
YOUR PURPOSE so that it may be made available to other requesters.   Your cooperation 
will be appreciated. 

- 
-• 

• 

at 
...  i 

• 

'< •... 

NOTICE.   *VH£.   GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA 
ARE OJSgD FOR A!?Y PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS 
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE 
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE 
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSED THE HOLDER OR ANY OTHER 
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMLSSION TO MANUFACTURE, 
USE OR SELL ANY PATENTED INVENTION THATTKAY IN ANY WAY BE RELATED THERETO. 

Reproduced    by 

DOCUMENT  SERVICE CENTER 
KNOTT BUILDING, DAYTON, 2, OHIO 


	0001
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022

